Abstract-In this pilot study, we assessed wheelchair durability and its effect on user satisfaction. Specifically, we examined the characteristics of the participants' wheelchairs, the types of maintenance and repairs completed, and whether the participants' satisfaction was affected by problems with their wheelchairs. A convenience sample of 130 participants who used wheelchairs as their primary means of mobility was recruited. Participants completed a questionnaire about their wheelchairs, the maintenance and repair history, and their satisfaction levels. Results showed that 26% of the participants had completed a wheelchair repair in the past 6 months, 16% had completed general maintenance, and 27% had completed tire repairs. Neither hours of wheelchair use nor wheelchair age affected repair or maintenance frequency. Participants were generally satisfied with their wheelchairs. Better understanding of wheelchair maintenance and repair issues will guide improvements in wheelchair design and enhance the community participation of individuals who use wheelchairs.
INTRODUCTION
Wheelchair use can enhance the participation of individuals with mobility impairments in community events and social activities [1] [2] . However, daily use exposes wheelchairs to assaults from various environmental and user factors. Wheelchair failures often result from exposure to extreme weather conditions and topographic obstacles [3] [4] . Furthermore, user weight and movements can exert a great deal of stress on wheelchairs and ultimately lead to wheelchair failures [5] [6] [7] [8] . Wheelchair failures, such as broken casters, motor malfunction, and cracks in the frame, not only disrupt the users' daily activities but also can cause them serious physical harm [9] . However, studies on wheelchair durability are primarily laboratory-based [10] [11] [12] . To date, little data exist that characterize and quantify the wheelchair failures experienced by community-dwelling users in everyday real-life settings.
Wheelchairs are a specific class of assistive technology that, when prescribed appropriately based on a personcentered approach, can significantly enhance users' mobility and social participation [13] -an outcome that is supported by numerous studies on wheelchair intervention [14] [15] [16] [17] . For example, Trefler et al., who examined the outcomes of wheelchair system intervention with long-term care facility residents, found that individually prescribed wheelchair systems enhanced the users' independent mobility, functional reach, feeling of well-being, and satisfaction [18] . When wheelchair failures occur, not only is the user's ability to perform daily tasks compromised, but serious physical injuries may result. Injuries from wheelchair use have been well documented in studies in Canada and the United States [8] [9] [19] [20] [21] . These studies cited component failure related to wheelchair design as a cause of user injuries. Knowledge of wheelchair reliability may help engineers identify limitations in wheelchair design and prevent injuries.
In addition to causing physical harm, poor wheelchair design can also affect user satisfaction. In a Scottish study, 80 marginal wheelchair users were surveyed on technical, functional, and environmental factors that researchers believed negatively influenced wheelchair propulsion. More than half of the participants reported that their wheelchairs did not sufficiently meet their needs and cited comfort, weight, poor wheel position, and technical problems as reasons [22] . A study of 32 elderly residents in three longterm care facilities found that participants were least satisfied with wheelchair adjustability, comfort, follow-up services, and weight [23] . Another study in the Netherlands examined domestic adaptations and access to assistive technology among 318 individuals with spinal cord injury (SCI); 35.9 percent of the individuals who used manual wheelchairs and 47.5 percent of the individuals who used electric wheelchairs had complaints about their wheelchairs [24] .
When assistive technology fails to meet the user's performance expectations, user satisfaction is negatively affected. Lower satisfaction may lead to technology abandonment. In a study of predictors of assistive technology abandonment, Phillips and Zhao found that mobility aids were more frequently abandoned than any other device category, and poor device performance was significantly related to abandonment [25] . In another case series study, Kittel et al. showed that dissatisfaction with wheelchair design and poor wheelchair-related services were major causes of users' premature abandonment of wheelchairs [26] . Although these studies have elucidated the association between poor wheelchair design and user satisfaction, their lack of subjects who are community-dwelling wheelchair users and their use of cross-sectional and case series designs limit the generalizability of their results. Thus, we proposed the current study to examine the association between wheelchair failures and user satisfaction among communitydwelling wheelchair users in everyday real-life settings. More specifically, our objectives in this pilot study were to provide a descriptive analysis of the maintenance and repair issues related to manual (hand-propelled) and power (electric) wheelchairs with the following research questions:
1. What types of repairs and maintenance are performed on wheelchairs? How frequently are repairs and maintenance performed on wheelchairs? Do repairs and maintenance differ with respect to the type of wheelchair used (manual vs power)?
2. Are users of wheelchairs satisfied with their wheelchairs? Do satisfaction levels depend on wheelchair type (manual vs power)?
3. Do repairs and maintenance affect users' levels of satisfaction with their wheelchairs?
METHODS
We conducted a descriptive pilot study to better understand the wheelchair use, repair, and maintenance issues reported by wheelchair users. Participants completed a questionnaire that collected data about their demographics (e.g., age, diagnosis and/or disability, years with diagnosis and/or disability), satisfaction with their wheelchairs, and the characteristics and repair history of their wheelchairs. Because wheelchairs are affected by how much they are used and in what manner, information was collected on user diagnosis and/or disability and number of hours a day the wheelchair is used. Although these definitions of functional wheelchair use are relatively broad, the original intent of the study was to examine wheelchair use and durability and not the user per se.
Recruitment
The University of Pittsburgh and Department of Veterans Affairs (VA) Institutional Review Boards approved this study. A convenience sample was obtained from various sources, including the National Veterans Wheelchair Games (NVWG) and other Human Engineering Research Laboratories (HERL) studies. Individuals over 18 years of age who used a wheelchair as their primary means of mobility were eligible to participate. All recruitment was completed in person. Each study participant signed an informed consent form prior to participation.
Questionnaire
The questionnaire, initially developed by the research team, was reviewed for content validity by clinicians who prescribe wheelchairs and by individuals who use wheelchairs. Based on the responses of these groups, the questionnaire was modified for improved clarity and relevance. The questions asked in each category are described in Table 1 . The full questionnaire is provided in the Appendix (available online only at http:// www.rehab.research.va.gov).
Participants first provided demographic information, including age, sex, ethnicity, and diagnosis and/or disability. Participants then reported characteristics of their wheelchairs, including type, make, model, age, and repair and maintenance history. The make and model were initially asked as open-ended questions then later categorized into common brands. We also used the make and model to classify the wheelchairs according to Healthcare Common Procedure Coding System (HCPCS) codes.
* Table 2 provides a description of the participants' wheelchairs and the corresponding HCPCS codes. Participants were also asked to report the date that they obtained their wheelchair. Wheelchair age was then calculated by subtraction of the date of the survey from the date the wheelchair was obtained, which resulted in a continuous variable. Additional information was collected regarding where the wheelchair was obtained (e.g., direct sales vendor, rehabilitation clinic), occurrence of repairs at any time during the usable life of the wheelchair, and repairs or maintenance episodes during the past 6 months. Questions regarding repairs included type of repair, who made the repair (i.e., user or vendor), approximate cost of repair, and who paid (i.e., user or vendor).
Participants used a 10 cm visual analog scale (VAS) to rate their wheelchair satisfaction in 10 categories: satisfaction with use, durability, simplicity of use, comfort, 
Satisfaction with Wheelchair
10 cm visual analog scale (as described in "Methods" of main text) measured satisfaction in 10 areas: satisfaction with use, durability, simplicity of use, comfort, overall appearance, dimensions, delivery, transportation, overall fit, and owner's manual.
appearance, dimensions of wheelchair, fit of wheelchair, transportability, delivery of wheelchair, and owner's manual. Participants were not provided definitions of these categories. Participants placed an "X" on the VAS line at the point that best described their opinion. One of the investigators then scored the VAS responses by measuring the distance from the start of the line to the "X." All questions were phrased such that a score closer to 10 indicated more satisfaction. All participants were given an example of how to answer the questions. The survey took approximately 30 minutes to complete. Table 2 describes the wheelchair classifications involved in this study. Participants were first asked to report whether repairs had ever been completed on their wheelchair and whether maintenance was done regularly. Then, participants were asked to specify the number of repairs and maintenance episodes that had occurred in the past 6 months. If a participant indicated having had a repair(s) or maintenance done, the specifics for each repair (i.e., description, who made the repair, and cost of repair) were asked as open-ended questions. Three experienced rehabilitation engineers reviewed and grouped the descriptions of the repair activities into the following categories: electrical, mechanical, tire-related, frame-related, and accessoryrelated ( Table 3) . Maintenance activities were documented as such and included items such as oil and lubricant. An additional category was developed for tire replacements.
Variable Definitions

Data Analysis
Data were analyzed with the Statistical Package for the Social Sciences (SPSS ® ) software program (SPSS, Inc, Chicago, Illinois). Descriptive statistics (mean ± standard deviation [SD] for continuous variables and frequencies for categorical variables) were used to initially describe the study sample, wheelchair characteristics, wheelchair repairs, and satisfaction levels. Based on the distribution of the continuous data, appropriate statistics (parametric for normally distributed data and nonparametric for nonnormally distributed data) were used for comparisons. The α-level was set a priori at 0.05. Diagnosis and/or disability was originally asked as an open-ended question then later classified by type (e.g., SCI, MS). To determine whether repairs or maintenance episodes were influenced by diagnosis and/or disability type, we compared diagnosis and/or disability type with wheelchair type, occurrence of wheelchair repairs (yes, no), and occurrence of maintenance episodes (yes, no). Spearman rank correlation (r s ) was used to compare hours in wheelchair with number of repairs and maintenance episodes.
To examine whether repair history differed with respect to type of wheelchair, we used Mann-Whitney tests to compare repair history (represented by number of repairs in the past 6 months) and wheelchair type (manual vs power). Similarly, Mann-Whitney tests were used to determine if satisfaction levels differed by wheelchair type. Subsequent Mann-Whitney tests and Spearman rank correlations examined whether wheelchair satisfaction was related to the occurrence of repairs (yes, no; number in past 6 months). Finally, in separate analyses for manual and power wheelchairs, we used Mann-Whitney tests to analyze satisfaction levels and occurrence of repairs (yes,no), and Spearman rank correlations to examine the relationship between number of repairs and maintenance episodes in the past 6 months and satisfaction levels. The number of participants who used scooters was small (n = 4), and although these participants are included in the descriptive statistics, they have been eliminated from any stratification that was completed across wheelchair types.
RESULTS
A convenience sample of 130 individuals was recruited and asked to sign informed consents; 110 returned the questionnaire. Study participants were from 27 different U.S. states (n = 103), as well as the United Kingdom (n = 4) and Puerto Rico (n = 3). Of the participants, 85 (77%) were recruited from the NVWG and 25 were recruited from other sources, such as the Wheelchair Users Registry maintained by HERL. The study participants were predominantly Caucasian (n = 84, 76.4%), male (n = 94, 85.5%), veterans (n = 96, 87.3%), aged 49.2 ± 10.5 SD years old, and 19.6 ± 13.4 SD years postdiagnosis or disability. Years of wheelchair use coincided with number of years postdiagnosis or disability.
Participants reported spending 10.9 ± 5.0 SD hours a day in their wheelchairs. The diagnoses and/or disabilities reported included cervical spinal cord injury (27%), thoracic and lumbar SCI (41%), MS (8%), cerebral palsy (5%), amputation (7%), muscular dystrophy (2%), spina bifida (2%), traumatic brain injury (1%), and postpolio (1%); the remaining participants (6%) reported other diagnoses such as Beschi syndrome, spinal meningitis, and transverse myelitis. Although type of wheelchair used significantly differed by diagnosis and/or disability group, the occurrence of or number of repairs or maintenance episodes among the groups did not significantly differ. Similarly, hours of wheelchair use did not affect the number of wheelchair repairs or maintenance episodes. Table 4 lists the characteristics of the participants' wheelchairs. The average wheelchair age was 3.1 ± 3.1 SD years, ranging from brand new (0.03 years) to 16.5 years. Figure 1 shows the distribution of wheelchair age for the sample. Table 4 shows that 76 participants (69.1%) used manual wheelchairs, with the majority using ultralightweight (K0005) wheelchairs (n = 65, 95.6% * ). Thirty participants (27.3%) used power wheelchairs, with only eight (47.1% † ) using customized power (K014) wheelchairs. Four participants (3.6%) used scooters. The majority of participants (68%) were evaluated for their wheelchairs at a rehabilitation clinic or hospital, 18.7 percent at a wheelchair or medical equipment store (direct sales), 9.3 percent at an assistive technology clinic, and 4.5 percent did not receive any evaluation. Participants received their wheelchairs from an assistive technology clinic (62%), a rehabilitation clinic or hospital (18%), and through direct sales (20%) Twenty-six percent (n = 29) of the participants completed wheelchair repairs in the past 6 months for mechanical, electrical, and frame problems, for an average of 1.7 ± 0.8 SD repairs per person. The 29 participants completed a total of 47 repairs: 5 repairs to the frame, 22 repairs to mechanical components, and 20 repairs to electrical components. Forty-three percent (n = 47) of the sample performed regular maintenance on their wheelchairs. Eighteen participants, fifteen of whom used manual wheelchairs, reported completing maintenance on their wheelchairs in the past 6 months. Maintenance activities included adjustments to wheelchair components (e.g., backrest repositioning), cleaning, and lubrication. No relationship was found between wheelchair age and the number of repairs completed, the number of maintenance episodes, or the number of tire problems. Wheelchair type (manual vs power) was significantly related to occurrence of repairs (p < 0.001); power wheelchairs required more repairs than manual wheelchairs (1.03 ± 1.10 SD and 0.22 ± 0.63 SD, respectively).
Research Question 1: Wheelchair Characteristics
Thirty-one (28%) of the participants reported tire problems; eleven reported multiple tire problems. Twentythree (30%) of the participants who used manual wheelchairs and eight (26.6%) of the participants who used power wheelchairs reported tire problems. Participants who used scooters did not report any tire problems. In the previous 6 months 21 participants had obtained new tires (17 manual-wheelchair users and 4 power-wheelchair users).
Research Question 2: Satisfaction Ratings
Participants were satisfied with their wheelchairs in general and had average VAS scores ranging from 7.0 to 8.2 (10 represents most satisfied). The highest average ratings were found in the categories of wheelchair appearance and simplicity of use; the lowest average ratings were found in the categories of wheelchair comfort and delivery. Figure 2 presents a comparison of satisfaction levels with wheelchair type (manual vs power). Participants who used manual wheelchairs were more satisfied than participants who used power wheelchairs, as demonstrated by the significant differences found in all satisfaction categories (p < 0.05), with the exception of appearance, delivery, and owner's manual.
Research Question 3: Impact of Wheelchair Repairs and Maintenance on Satisfaction
Participants who reported no repairs also reported significantly higher satisfaction with their wheelchairs in all categories compared with participants who reported repairs. These two groups differed significantly in their satisfaction with durability and comfort (p < 0.05; Figure 3 ). Similar findings were obtained when manual and power wheelchairs were analyzed separately.
The number of repairs in the past 6 months was compared with satisfaction. A significant negative correlation was found between number of repairs and satisfaction 
DISCUSSION
Repair Issues
In this study, a convenience sample of wheelchair users was queried about wheelchair maintenance and repairs. Results indicated that 26 percent of the participants had completed wheelchair repairs in the past 6 months, even though 43 percent performed regular wheelchair maintenance. Although we predicted that older wheelchairs would have required more repairs, this was not supported by the data. Confounding variables, such as the role of functionality, may not have been adequately addressed in the study. Functionality was defined globally as hours of wheelchair use, which at best are participant estimates. However, just because a person is sitting in his or her wheelchair, for example, does not mean that he or she is actively using the wheelchair. Methods exist to track wheelchair use, but because this was a pilot study, we ultimately decided to use hours of wheelchair use and diagnosis and/or disability as broad measures of function, recognizing the limitations imposed. More frequent wheelchair use may affect the durability of the wheelchair and result in more repairs and maintenance than less frequent wheelchair use.
Cooper et al. showed that individuals who used power wheelchairs traveled farther and faster than individuals who used manual wheelchairs [27] . Given that, one would expect power wheelchairs to have more tire problems than manual wheelchairs, but the opposite was true in this study. Manual wheelchairs had a higher occurrence of tire maintenance and replacement than power wheelchairs. Possible explanations include the sampling methodology we used and the type of tire on the wheelchair. Many of the study participants (77%) were NVWG participants and thus may be more active than individuals who typically use manual wheelchairs but do not participate in the NVWG [27] . The participants' personal maintenance habits may also play a role. Sawatzky et al. determined that a surprising number of individuals using pneumatic tires do not maintain the tire pressure recommended by the manufacturer [28] ; some tires were even noted to be below 25 percent of the suggested level. Pneumatic tires offer a better ride but require more maintenance. Power wheelchair tires have thicker walls and treads, which makes them more maintenance-free. Also, many power wheelchairs use flat-free tires.
Satisfaction Issues
In our study sample, the participants were most satisfied with three characteristics of their wheelchairs: appearance, simplicity of use, and durability. These participants were least satisfied with service delivery and owner's manual. Jedeloo et al. reported as well that their participants were least satisfied with the service delivery process, including the length of time to receive their wheelchairs and the extent to which their opinion was valued in the decision-making process [29] . Post et al. studied satisfaction with service delivery among a group of individuals with SCI and also found that satisfaction was low because of problems obtaining equipment and the slowness of the process [24] . Thus, the wheelchair acquisition process and wheelchair delivery are areas needing improvement.
Participants who used manual wheelchairs were significantly more satisfied with most aspects of their wheelchairs than participants who used power wheelchairs. These higher satisfaction ratings could be a factor of the wheelchair design. The vast majority of the manual wheelchairs in our study were ultralightweight (K0005). Manual wheelchairs are mechanically simpler, easier to transport, and ultimately easier to use than power wheelchairs. Although the occurrence or number of repairs did not differ between the two chair types, manual wheelchairs tend to be easier to repair than power wheelchairs. Moreover, manual wheelchair repairs do not necessarily require a specialized vendor since users can make many of the repairs themselves. Power wheelchairs may have more extensive and prolonged repairs, which may affect user satisfaction ratings. Length of time for repairs should be included in future studies.
Our results were similar to those of other studies that examined wheelchairs and daily use. A study in Scotland determined that users experienced difficulties with wheelchair propulsion and daily use [22] . Overall, 59 percent of the participants felt their wheelchairs did not sufficiently meet their needs; technical problems (28%), general discomfort (31%), small casters (18%), and wheelchair weight (16%) were a few items that participants felt caused inefficient wheelchair propulsion and accomplishment of daily activities. Vachon et al. found that 32 elderly residents of long-term care facilities were most satisfied with the simplicity of use, safety, and effectiveness of their wheelchairs and least satisfied with the adjustability, comfort, weight, and follow-up services of their wheelchairs [23] . In WeissLambrou et al.'s study [30] , users of power wheelchairs identified wheelchair comfort as the most important criteria, though comfort was the lowest rated variable in the study. Similarly, satisfaction with wheelchair comfort received a low rating in our study. Other studies have shown comfort to be an important factor to wheelchair users [29] . Studies on individuals in nursing homes indicate that discomfort is a highly prevalent problem [31] [32] . Similarly, Bardsley surveyed individuals with a variety of disabilities (e.g., MS, spinal cord lesions) and found that discomfort was a commonly identified wheelchair-seating problem [33] .
Our study sample also rated satisfaction with wheelchair transportability low. Power wheelchairs are larger, heavier, and more cumbersome to transport than manual wheelchairs. Users of power wheelchairs typically need specialized vehicles to transport their wheelchairs, which again may affect overall satisfaction. If a user does not have a specialized vehicle to transport his or her wheelchair or if accessible public transportation is not available, community participation may be hampered.
Impact of Satisfaction
Overall satisfaction with wheelchair durability was high, even though the majority (68%) of the participants reported wheelchair repairs or maintenance at some point in the past. This satisfaction with durability may be a reflection of the sample, since most participants with manual wheelchairs used ultralightweight wheelchairs. Previous research has shown that ultralightweight wheelchairs have improved durability and longer life expectancy than other manual wheelchairs, such as depots or lightweights [10] [11] . Manufacturers now use lightweight, high-strength materials (e.g., titanium) to increase durability [1] . When we controlled for wheelchair age in the analyses, we found a significant relationship between satisfaction with wheelchair durability and number of repairs. Satisfaction with durability decreased over time as number of repairs increased. Continued research on durability and repair history can increase our knowledge of a wheelchair's life beyond laboratory results. Identification of daily obstacles, challenges, and wear-and-tear of power and manual wheelchairs can help manufacturers, designers, and engineers identify areas for improvement. Further, this data would help insurance providers make efficient, informed decisions when purchasing prescribed wheelchairs.
Limitations
Limitations of the study include convenience sampling and emphasis on veterans who participated in the NVWG. The sample was biased toward users of manual and power wheelchairs; few users of scooters were represented. The participants, especially those with manual wheelchairs, had high-end quality wheelchairs, which could greatly influence the repairs they experienced and their satisfaction. Given that ultralightweight wheelchairs are more durable than other manual wheelchairs, our findings may have been different if other wheelchair types had been included. Future work should also include a larger sample from a more diverse population.
Wheelchair durability is probably related to intensity of use, functionality of the user, conditions of use, and age of wheelchair and user. Confounding variables may exist in the relationship between durability and usability, but an analysis of these factors was not possible because of the descriptive nature of the data and the relatively small sample size. Although our analysis showed no relationship between wheelchair age and repairs, the study design was cross-sectional with a 6-month recall of information. Following subjects forward in time may more appropriately assess the occurrence of repairs and usage patterns. In addition, the questionnaire did not cover exposure to different conditions such as rough terrain, which would help describe conditions of wheelchair use.
Recall bias is another limitation of the study. When a repair is completed, the individual may not remember all the details. One way to approach this is to use sources that track wheelchair delivery and repairs. The National Prosthetics Patient Database (NPPD) is a VA-maintained database that tracks all wheelchair prescriptions, deliveries, and repairs for veterans in the VA healthcare system [34] . Future studies could examine the NPPD with respect to repairs completed on groupings of wheelchairs and ultimately link to patient characteristics in other VA-maintained databases (for example, the VA Information Resource Center [VIRec], http:// www.virec.research.med.va.gov/). Additional studies could also obtain a random sample of veterans who receive wheelchairs through the VA.
Although our participants self-reported spending approximately 12 hours a day in their wheelchairs, future work could attempt to better estimate actual wheelchair use. Data on wheelchairs use could be helpful for measurement of satisfaction and community participation because people who travel farther may participate more and be more satisfied. The HERL has developed dataloggers that track distance traveled and velocity on both manual and power wheelchairs [27, [35] [36] [37] . By collecting actual wheelchair use data, we could better understand the relationship between how far the wheelchair travels and the maintenance and repairs completed on it.
CONCLUSIONS
This study showed that 26 percent of a convenience sample of wheelchair users required repairs to their wheelchairs in the previous 6 months. The participants who used manual wheelchairs were more likely to maintain their wheelchairs than the participants who used power wheelchairs, which may explain why power wheelchairs required more repairs than manual wheelchairs in the same time period. In general, most participants were satisfied with their wheelchairs, although wheelchair satisfaction was affected by the number of repairs and maintenance episodes. Additional research should follow users and their wheelchairs over time so we may better understand the dynamics of wheelchair repairs and their effect on the user. A better understanding of the types of wheelchair repairs needed will lead to improved wheelchair design and thereby positively affect wheelchair use and community participation.
